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Biodiversity is disappearing at an alarming rate, and at the same time, infectious diseases are increasingly 
spilling over from wildlife to humans. Therefore, it is urgent to understand how biodiversity affects 
infectious diseases in wildlife. For a number of systems, a more diverse community decreases disease risk, 
termed ‘the dilution effect’, because biodiversity dilutes infection. However, in some circumstances 
increasing species diversity can increase disease risk, termed the ‘amplification’ effect. When we should 
expect dilution or amplification is the topic of debate among disease ecologists. My research aims to 
reconcile these competing effects of biodiversity by using Sin Nombre hantavirus (SNV) in deermice 
(Peromyscus maniculatus) as a model, because it encapsulates this debate in a microcosm— it displays 
aspects of both dilution and amplification in the same system at the same time. My lab is examining how 
species diversity can have competing effects on the different mechanisms involved in disease 
transmission-- host population density, contact rates and transmissibility.  
The purpose of this UGP proposal was to develop methods to measure transmissibility of SNV in 
deermice. Transmissibility is the probability of transmission of the virus to a susceptible mouse, given 
contact with an infected mouse, and is a function of each animal’s physiological stress level and immunity. 
If an animal is more stressed, its immunity will be depressed, which will increase susceptibility (of 
uninfected mice) and infectiousness (of infected mice). Therefore, in order to measure transmissibility, 
we need to develop methods to measure stress levels, immune function, and viral loads in deermice. With 
this UGP seed grant, we developed a trapping protocol, collected blood and fecal samples from deermice 
from several study sites across Western Montana, developed and validated stress assays, developed a 
technique to measure immune function using blood smears, and set up a PCR to quantify viral loads in 
blood. 
We set up field sites at a private cattle ranch near Drummond, MT and at Ninepipe National 
Wildlife Refuge and trapped sites for 3 consecutive sites monthly over the year, as weather permitted, 
to collect samples from deermice. We performed a study to optimize our trapping protocols at these 
sites to best measure stress and immunity of deermice. Glucocorticoids are hormones released in 
response to stress. They are partially metabolized in the gut and excreted as fecal glucocorticoid 
metabolites (FGM) in feces. We must use live-capture Sherman traps to capture deer mice to collect 
fecal samples and blood samples for analyses. However, captivity in traps may itself induce a stress 
response and bias our results if not accounted for properly. Therefore, we evaluated how captivity time 
in traps affected stress levels by FGM. Analysis of the data showed that deer mice that spent 0-2 hours 
in the trap have on average, lower FGM levels compared to mice that spent 4-6 hours or 8-10 hours in 
the trap. This is suggestive that confinement in a trap acts as a stressor for deermice, and that stress 
quantification is biased if we confine animals for 4 hours or more in a trap before processing. These 
results helped us refine our trapping protocol.  
 
Additionally, we evaluated the use of 3 different assays to measure FGM in deermouse feces. 
Analytical, physiological, and biological validations are needed prior to the selection of a fecal 
immunoassay for a selected species. For this study, we tested commercially available corticosterone 
enzyme immunoassay (EIA) and radioimmunoassay (RIAs) kits, and a non-commercially available 
antibody assay. This work was in collaboration with the University of Toronto- Scarborough and 
Pennsylvania State University. We conducted two pharmacological tests to stimulate and reduce 
endogenous stress hormone production. These are called the adrenocorticotropic hormone (ACTH) 
stimulation test, and dexamethasone suppression test, respectively. As seen in the Figure, the 
commercially available EIA kit correctly measured higher and lower FGM values compared to baseline 
values.  
Glucocorticoids affect both red and white blood cells. In response to chronic stress, neutrophils 
increase and lymphocytes decrease in the blood. Therefore, the ratio of neutrophils to lymphocytes (N : L 
ratio) is a composite measure of the stress response. Additionally, chronic stress can affect hemoglobin 
and iron incorporation into red blood cells leading to an unequal staining of the cell– polychromasia. We 
developed a blood smear technique using a drop of heparinized whole blood to read N : L ratios and 
polychromasia.  
Lastly, we set up a PCR procedure to quantify SNV viral loads in blood. For total RNA extraction 
from blood samples, we used a protocol that combines a guanidinium thiocyanatephenol-chloroform 
extraction with a Qiagen RNAEasy kit, designed to inactivate virus at its initial step. We extracted RNA 
from blood samples collected from mice found positive for SNV antibody. We currently are adapting the 
qRT-PCR double-dye Taqman style assay into an absolute RNA quantification assay, by including in-vitro 
RNA transcript derived standard curves for the SNV target and the GAPDH endogenous control.  
 
Impact of study: The funding provided by this UGP Seed Grant was instrumental in developing protocols 
for my lab’s research projects. In continuation of this work, the following grant applications were 
submitted: National Science Foundation (NSF) Department of Environmental Biology (DEB) proposal titled 
“The role of species diversity in disease transmission: Disentangling co-occurring dilution and 
amplification in a directly-transmitted wildlife disease” for $864,238 over 3 years, and a NSF Longterm 
Research in Environmental Biology (LTREB) proposal titled “Incorporating both within-host and 
population-level impacts of weather on prevalence of a directly-transmitted pathogen” for $500,000 over 
5 years, both of which were declined; and a NSF DEB EAGER award, which was recommended for funding 
as of May 2018, entitled, “Disentangling how community composition differentially acts on multiple 
determinants of transmission in a directly-transmitted zoonotic pathogen” for $200,000 over 2 years.  
Figure. The 
commercially-available 
EIA kit correctly 
measured A) higher 
steroid concentration 
levels with ACTH 
injection and B) lower 
measures with 
dexamethasone 
suppression compared 
to baseline levels. 
